Italy in 2014 (Palmeri et al., 2015; Giangaspero and Turno, 2015) and South Korea in 2016 (Lee et al., 2017) . In the native distribution range, SHB does not impose heavy threat to honeybees partly because of the behavioral resistance of African honey bee subspecies (Hood, 2004) .
This pest is an invasive species, and it can have a significant impact on apiculture as well as on wild and feral bee populations in the new area (Neumann et al., 2016) . In the United States and Australia it becomes a devastating pest of European honey bees, and consequently, is a threat to European honey bees pollinated crops, worth $14 billion per annum in the United States (Torto et al., 2007) . In USA, SHB has been reported to damage both weak and strong colonies (Sanford, 1998) . Damage to honey bee colonies is caused mainly by beetle larvae. The attacks of a beehive by the larvae cause fermentation of honey and making it unsuitable for human consumption. The resulting fermented honey (or 'slime') is rejected by honeybees and cannot be marketed by the beekeeper (Hayes et al., 2015) .
Additionally the SHBis attracted to volatiles from hive products and those of the yeast Kodamaea ohmeri. The attractiveness of the fermenting hive products ('slime') increased as fermentation progressed, and volatile profiles became more complex (Hayes et al., 2015) . Understanding the attractiveness of SHB to beehive is the prime interest to prevent invasion or to attract for monitoring. Several works are undergoing globally to address this issue. It was reported that odors from hive products plus adult bees were found to be significantly attractive to flying adult beetles, as evidenced in baited trap studies. Hive products alone or bees alone were not attractive to the beetles (Elzen et al., 1999) .
The honey bee's alarm pheromones such as isopentyl acetate (IPA), 2-heptanone, and methyl benzoate serve a negative function because they are potent attractants for SHB. Interestingly, the sting response and alarm pheromone are the key components of the honey bee defense system against predators and parasites (Torto et al., 2007) .
These workers also reported the beetles from both Africa and the United States vector a strain of Kodamaea ohmeri yeast produces the same honey bee alarm pheromones when grown on pollen in hives. Adult SHB is attracted to volatiles of European honeybees and the attraction is mediated by a blend of components dominated by the honey bee's alarm pheromones (Torto et al., 2007) . The response of SHB to pollen volatiles was dose-dependent, while the response to volatiles from worker bees increased with both the number and age of the bees (Suazo et al., 2003) .
Some synthetic chemicals were reported to be used to control SHB but such chemicals are not safe unless used with precaution. If larvae are present in the colony, the soil around the hive can be treated with a permethrin drench to prevent the larvae from pupating, killing them in the soil.
However permethrin is highly toxic to bees and it is corrosive and can cause irreversible eye damage (Zawislak, . The residues of coumaphos present in wax (Mullin et al., 2010) can contaminate honey and the product does not seem to work well in cooler temperatures (Mostafa and Williams 2000) . Moreover, SHB may develop resistance to any chemical used for their control because of their high mobility and fecundity (De Guzman et al., 2011) . Since its invasion into Milyang city, GyoungNam province, South Eastern part of Korea in 2016, the infested apiary was completely collapsed, but its impact seemed restricted in the local ranges (Hong and Jung, 2017) . However, effective sampling protocols with high efficiency attraction trap would benefit the effective monitoring of its distribution and movement to contain population spread, as are the cases for invasive pests (Jung et al., 2009; Jung, 2012) .
Even though there are different controls and prevention methods reported so far against this pest, our knowledge of biology, diagnosis, control, and prevention of SHB still limited, creating demand for more research (Neumann et al., 2016) . In order to fill this gap here, we aimed at investigating the responses of SHB to beehive materials and volatiles of adult workers bees to search for safe to the user and the environment in controlling this pest. The result of our study will be important for effective control to treat A. tumida within the hive without endangering the resident bee population. 
MATERIALS AND METHODS

Material collection and hydro-distillation
Fresh pollen patty was purchased from local beekeeping supplier, Hyeongjey beekeeping, Eui-seong, Gyeongbuk, Korea. 10g of fresh honey was added to 100g fresh pollen patty and kept feeding to 50 adult small hive beetles of mixed sexes and their larvae for 13 days in a cage (13 dayfermented pollen dough). Another 100g fresh pollen patty was added with 100 ml of 50% sugar solution and kept feeding to 50 adult SHB of mixed sex and their larvae for sugar solution. The beakers were rinsed with CHCl 3 and the mixture was hydro-distilled for 3h. Similarly, the given amount of other hive material was also hydro-distilled for 3h. The distillate was placed in a separatory funnel. Then chloroform was added to extract oil from the aqueous layer. The chloroform layer was then dried using anhydrous sodium sulfate (1g), filtered using Whatman No. 1 filter paper and concentrated on rotary evaporator to yield the given amount of oil (Table 1) . Chloroform (extra pure) was purchased from Daejung chemicals and metals Co., LTD, Korea and sodium sulfate anhydrous (extra pure) was purchased from Duksan pure chemical Co. LTD, Korea.
Insects
A colony of the SHB was reared in acrylic cages (38 38 34cm) at 25 2°C and 60 5% relative humidity on a 12:12 hr L/D photoperiod. The beetles were provided with pollen patty-honey diet (Pollen dough) and water in insect laboratory, Andong National University. Pupation sand (7cm) was added to the cage and regularly humidified by adding water on tissue papers and on sand. The pollen dough was prepared from commercially packaged pollen patty. The genitalia was exposed by applying slight pressure to the ventral side of the abdomen to determine their sex (Suazo et al., 2003) . After sexing and prior to bioassays, male and female beetles were kept in separate cages. Beetles were deprived of food and water for 1 day before bioassays. 5-7 days old mated adult beetles were used for the bioassay.
Y-tube olfactometer
The purpose of using this device was to investigate a preference of individual insects exposed to a dual choice of odors. The set-up was placed in a dark room at 25°C. The 
GC/MS analyses
The GC-MS analysis was done by using a GC ( 
Statistical analysis
RESULTS AND DISCUSSION
Fresh pollen patty was selected for investigation because it is the main ingredient in the feed of SHB. Y-tube olfactometer bioassay showed fresh pollen patty has a low attractiveness to both adult males and females SHB ( Fig. 1 and Fig. 2) . GC-MS analysis of fresh pollen patty indicated it contains 99% of n-decanoic acid (Table 2 and Fig. 3 ). All other components were found at a trace level. Thus the essential oil of pollen patty can be used as a source of ndecanoic acid. Based our bioassay and GC-MS analysis result we believe n-decanoic acid does not attract these pests.
Previous reports indicated the volatiles emanating from the hive products as they were broken down by the action of SHB larvae and yeast were highly attractive to adult SHB and became more attractive with time (Hayes et al., 2015) . In this study, we prepared slime by fermenting pollen dough, progressively altered by the action of small hive beetles and yeast over time for 22 days and evaluated responses of SHB to this material after 13 and 22 days.
Both these fermented materials have a very strong attraction to both sexes of adult beetles ( Fig. 1 and Fig. 2) compared with fresh pollen patty (SPSS 16, P<0.05) . No significant difference between males and female response were found with both fermented pollen dough (P>0.05).
126 compounds were identified in the oil of 13 dayfermented pollen dough and octadecanoic acid (22.8%) and (Z,Z,Z)-9,12,15-octadecatrienoic acid, ethyl ester (18.7%) were the major compounds in the oil and the sum of these two compounds comprise 42.0% (Table 2 and Hexadecanoic acid, ethyl ester which was found 22.9% in 22 day-fermented pollen dough was absent in and 13 dayfermented pollen dough even in a trace level.
Responses of SHB to fresh honey odor were also assessed and the bioassay result showed fresh honey also does not lure both males and females compared with control ( Fig. 1 and Fig. 2 ). There is no significant difference between the response of both males and females towards fresh honey and fresh pollen patty (P>0.05).
Fermentation of honey for 20 days evoked a positive response to males and females ( Fig. 1 and Fig. 2 ). There is no significant difference in response of 20 day-fermented honey and fermented pollen dough (P>0.05). An earlier report indicated the hive materials become attractive to the SHB by the action of SHB larvae and yeast on pollen dough (Hayes et al., 2015) . Based on our result we believe in addition to the effect of fermentation process taking place in a beehive by attacking larvae, leakage of honey from hive followed by fermentation with rainwater is also luring these beetles. So it is important for beekeepers to 101 components were identified in the essential oil of fresh honey among which phthalic acid, nonyl 2,4,4-trimethylpentyl ester (9.1%) and 1,2-benzenedicarboxylic acid, diheptyl ester (8.8) were predominant (Table 2 and Fig. 6 ). On the other hand essential oil from 20 dayfermented honey constitutes 98 compounds of which (Z)-9-octadecenamide (5.6%), 7-hexyl-docosane, (4.8%); and tetracosane (4.8%) ( Table 2 and Fig.7 ) were predominant.
These major components might be responsible for the positive response fermented honey to SHB and further works remained to find out attractiveness of each of these compounds.
The response of SHB to adult workers bees was also positive as shown in Fig. 1 and Fig. 2 . The bioassay result showed workers bee volatiles are also strong attractant to both males and females beetles. Previous reports also indicated volatiles from adult worker bees attracted small hive beetes in olfactometric and flight-tunnel bioassays and suggested the involvement of bee volatiles mediating host location by SHB (Suazo et al., 2003) . The result of GC-MS analysis indicates the presence of 61 compounds in the volatile oil of adult workers bees among which (Z)-9-octadecenamide (7.2%) and 5-methyl-2-phenyl-1H-indole (7.0%) are the most predominant components (Table 2 and Fig. 8) . Previously, the composition of volatiles collected from worker honeybees in an aerated closed system, which did not simulate the natural conditions typical of a honeybee hive was analyzed. The study suggested that honeybees kept under these conditions are usually stressed, as indicated by the high levels of the alarm pheromone, isopentyl acetate, and the odors released by these bees were very attractive to the small hive beetle (Torto et al., 2005) . Noteworthy in the present study isopentyl acetate was not detected in the volatile oil of honeybees under the natural condition we collected. Based on our GC-MS result in addition to isopentyl acetate, alarm pheromone other volatile components of workers bees such as (Z)-9-octadecenamide (7.2%) and 5-methyl-2-phenyl-1H-indole (7.0%) might be also responsible to lure the beetles.
(Z)-9-Octadecenamide and 5-methyl-2-phenyl-1H-indole which were major compounds in workers bees (Apis mellifera) volatiles were not detected in 13 days and 22 day-fermented pollen dough. (Z)-9-octadecenamide and 7-hexyldocosane are not present in the essential oil of fresh honey. The relative percentage composition of tetracosane was 1.3% in the oil of fresh honey and its composition increased 3.7 times after fermentation.
(Z)-9-Octadecenamide was found 5.6% in 20 dayfermented honey and 7.2% in adult workers bees (Apis mellifera) volatiles in common and might be an attractant In this study, we found carboxylic acid and esters in a very high concentration of the oils of fermented pollen dough. Amides were found as major volatile compounds in 20 day-fermented honey and adult workers bees.
Therefore, carboxylic acids and its derivatives such as esters and amides must be given attention in the research of finding attractants of SHB for their controls. These major compounds identified in the volatiles of hive materials and workers bees either in pure or blended might give a positive response to SHB and further work will be remained in this area. Based on our finding we recommend further studies for utilization of volatile components identified from fermented pollen dough. The attractiveness of SHB toward each compound identified in the fermented pollen dough and fermented honey should be evaluated.
This study will have an application in control of SHB using traps treated with volatiles of fermented pollen dough in apiary sites. Knowledge of natural attractants of SHB is a basis for the worldwide efforts to control this invasive pest.
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